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INTRODUCTION
Obesity is an important risk factor for atherosclerosis, but 
the underlying mechanism for this association is poorly 
understood. Adipose tissue was considered to be a store 
of  surplus energy, but is now recognized as an indepen-
dent and active endocrine organ. Various adipokines, such 
as leptin (a protein secreted by fat cells), tumor necrosis 
factor-α (TNF-α), resistin, and adiponectin significantly 
affect obesity-related metabolic diseases by controlling fat 
metabolism, energy homeostasis, and insulin sensitivity[1]. 
Independent of  their effects on glucose and fat metabo-
lism, some adipokines have been regarded recently as di-
rect links between obesity and atherosclerosis because of  
their influence on the function of  endothelial cells, arterial 
smooth muscle cells, and macrophages in vessel walls[2] 
(Figure 1). The identification of  a novel adipokine that 
regulates the atherosclerotic process might provide new 
opportunities for developing more effective approaches 
for preventing cardiovascular disease. This review will 
focus on adipokines that mediate obesity and atheroscle-
rosis, including adiponectin, resistin, adipocyte fatty acid 
binding protein (A-FABP), omentin-1, and chemerin.

ADIPONECTIN
Adiponectin was the first 30-kDa protein cloned from fat 
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Abstract
The traditional perception of adipose tissue as a stor-
age organ of fatty acids has been replaced by the no-
tion that adipose tissue is an active endocrine organ, 
releasing various adipokines that are involved in the 
pathogenesis of obesity-related metabolic disturbances. 
Obesity is a well-known risk factor for atherosclerosis, 
and accelerates atherosclerosis by many mechanisms 
such as increase in blood pressure and glucose level, 
abnormal lipid profiles, and systemic inflammation. 
Furthermore, growing evidence suggests that some adi-
pokines directly mediate the process of atherosclerosis 
by influencing the function of endothelial cells, arterial 
smooth muscle cells, and macrophages in vessel walls. 
In obese patients, the secretion and coordination of 
such adipokines is abnormal, and the secretion of spe-
cific adipokines increases or decreases. Accordingly, 
the discovery of new adipokines and elucidation of their 
functions might lead to a new treatment strategy for 
metabolic disorders related to obesity, including cardio-
vascular diseases.
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tissues[3]. Adiponectin is a metabolically active adipokine 
that is inversely associated with obesity, insulin resistance, 
and atherosclerosis[4,5]. Adiponectin promotes fatty acid 
oxidation through the phosphorylation of  5-AMP-acti-
vated protein kinase (AMPK), thereby stimulating acetyl-
CoA carboxylase. The adiponectin receptors AdipoR1 
and AdipoR2 are responsible for adiponectin signaling 
and biological function. Yamauchi et al[6] reported that in-
sulin resistance occurred in AdipoR1/R2 knockout mice, 
but when AdipoR1 or AdipoR2 were overexpressed in the 
liver by using adenovirus, glucose metabolism improved 
in terms of  increase in AMPK vitality and peroxisome 
proliferator-activated receptors α expression. Adiponectin 
is a metabolically active adipokine which has anti-inflam-
matory, antiatherogenic, and antidiabetic properties[7] and 
is therefore inversely associated with obesity, insulin resis-
tance, and atherosclerosis. Hypoadiponectinemia has been 
established as an independent risk factor for type 2 dia-
betes and cardiovascular disease (CVD)[8]. We previously 
showed that, after adjusting for age, sex, obesity, history 
of  impaired fasting glucose or impaired glucose tolerance, 
hypertension, and dyslipidemia, lower baseline serum 
adiponectin concentrations are associated significantly 
with the development of  type 2 diabetes and metabolic 
syndrome[9]. On the other side, the Health Professionals 
Follow-Up Study showed that high plasma adiponectin 
levels were associated with a lower risk of  myocardial in-
farction in men during 6 years of  follow-up studies[10].

Experimental studies have shown that adiponectin 
plays a protective role against the development of  inflam-
mation and atherosclerosis. Ouchi et al[11] demonstrated 
that adiponectin specifically suppressed TNF-α-induced 
nuclear factor κ light chain enhancer of  activated B 
cells (NF-κB) activation in human aortic endothelial 
cells (HAECs) through a cAMP-dependent pathway. 
Furthermore, adiponectin suppressed TNF-α-mediated 
induction of  adhesion molecule expression in HAECs. 
Recently, we reported that serum adiponectin levels had a 
significant negative correlation with vascular inflammation 

as indicated by the mean target to background ratio (TBR), 
suggesting a cardio-protective effect of  adiponectin[12].

RESISTIN
Resistin was originally discovered as an adipokine with 
a possible link between obesity and insulin resistance 
in rodents[13]. In contrast to rodents, human resistin is 
expressed primarily in inflammatory cells and has been 
shown to be involved in obesity-related subclinical in-
flammation, atherosclerosis, and CVD[14]. Reilly et al[15] 
showed that circulating resistin levels are correlated with 
inflammation markers and are predictive of  coronary ath-
erosclerosis, as measured by coronary artery calcification 
scores, independent of  C-reactive protein. Kawanami et 
al[16] found that resistin induces the expression of  adhe-
sion molecules, such as vascular cellular adhesion mol-
ecule-1 and intercellular adhesion molecule-1 and that 
adiponectin inhibit the effect of  resistin in vascular en-
dothelial cells. Lee et al[17] observed that resistin promotes 
foam cell formation via the dysregulation of  scavenger 
receptors macrophages. In men with acute myocardial 
infarction, a multivariate model revealed that obesity and 
C-reactive protein were independent variables associated 
with higher resistin levels[18]. In a cross-sectional study of  
3193 Chinese subjects, resistin was more significantly as-
sociated with fibrinolytic and inflammatory markers than 
with obesity or insulin resistance[19]. Moreover, Weikert 
et al[20] reported that individuals in the highest quartile of  
resistin levels had a significantly increased risk of  myocar-
dial infarction compared with those in the lowest quartile 
of  resistin levels after adjustment for cardiovascular risk 
factors, including C-reactive protein (RR = 2.09; 95%CI: 
1.01-4.31) in 26490 middle-aged subjects. Among 397 
South Korean patients with acute myocardial infarction, 
high resistin level was an significant predictor for all-
cause mortality, independent of  other confounding risk 
factors[21]. We also showed that serum resistin levels were 
positively correlated with vascular inflammation mea-
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Figure 1  Novel function of adipokines as a direct link between obesity and atherosclerosis.



sured using 18F-fluoro-deoxyglucose positron emission 
tomography[12]. These studies suggest that resistin may 
represent a novel linkage of  metabolic signals, inflamma-
tion, and atherosclerosis.

ADIPOCYTE FATTY ACID BINDING 
PROTEIN
A-FABP is a cytoplasmic protein that combines with 
saturated and unsaturated fatty acids to control the dis-
tribution of  fatty acids in various inflammatory response 
and metabolic pathways[22]. Since Xu et al[23] established 
that the serum concentration of  A-FABP, which is 
synthesized in cytoplasm and secreted into serum, is 
significantly correlated with components of  metabolic 
syndrome, the role of  A-FABP in metabolic syndrome 
has been studied with renewed interest. Uysal et al[24] 
proved through an oral glucose tolerance test that insulin 
sensitivity was increased in A-FABP knock out ob/ob 
mice compared with control mice. In prospective stud-
ies, circulating A-FABP has been shown to predict the 
development of  metabolic syndrome and type 2 diabetes 
independent of  adiposity and insulin resistance[25,26].

A-FABP has been shown to be a major mediator of  
vulnerable plaque formation in various animal and in vitro 
studies. The survival rates of  apoE-/- mice null for both 
A-FABP and mal1 were significantly higher than apoE-/- 
control mice, primarily because of  increased stability of  
atherosclerotic plaques[27]. In macrophage cell lines, ade-
novirus-mediated over-expression of  A-FABP directly in-
duced foam cell formation by increasing intracellular lipid 
accumulation, which is an essential step in the formation 
of  atherosclerotic plaques[28]. In contrast, A-FABP-/- mac-
rophages displayed significantly decreased intracellular 
cholesterol ester accumulation in vitro[29] and suppressed 
production of  inflammatory cytokines, such as TNF-α, 
monocyte chemoattractant protein-1, and interleukin 
(IL)-6, compared with wild-type controls[30]. Furthermore, 
Furuhashi et al[31] reported that an orally active small mol-
ecule inhibitor of  A-FABP was an effective therapeutic 
agent against severe atherosclerosis in mouse models. Re-
cently, a few clinical studies have shown that circulating 
A-FABP levels are closely related to the development of  
atherosclerosis in humans. In Korean subjects in whom 
coronary angiograms were performed for evaluation of  
chest pain, serum A-FABP levels increased as the number 
of  stenotic coronary arteries increased[32]. Serum A-FABP 
was shown to be independently associated with carotid 
intima-media thickness (IMT) in Chinese women after 
adjusting for other risk factors, including age, obesity, 
and blood pressure[33]. In patients with coronary artery 
disease recruited to undergo elective percutaneous coro-
nary intervention, Miyoshi et al[34] showed that increased 
serum A-FABP levels were significantly associated with a 
greater coronary plaque burden as quantified by intravas-
cular ultrasound. After adjusting for other cardiovascular 
risk factor in South Korean men without cardiovascular 
disease or diabetes, we reported that circulating A-FABP 

levels were independently associated with vascular inflam-
mation as measured by maximum TBR values[35], suggest-
ing A-FABP as a promising key link between different 
metabolic pathways of  adiposity and inflammation.

OMENTIN-1
Omentin is a visceral fat-specific adipokine discovered 
through expressed sequence tag analysis[36] that has para-
crine and autocrine roles in improving insulin sensitivity. 
Yang et al[37] demonstrated that the addition of  recom-
binant omentin stimulated glucose uptake in human 
adipocytes via the activation of  Akt phosphorylation. 
Recent studies showed that omentin increased insulin 
signal transduction and that it was significantly negatively 
correlated with metabolic risk factors, including obesity 
and hyperglycemia, thereby suggesting a beneficial role in 
energy homeostasis[38-40]. In human clinical studies, it has 
been suggested that serum omentin-1 levels were signifi-
cantly decreased in metabolically unhealthy states, such as 
metabolic syndrome, types 2 diabetes mellitus, and poly-
cystic ovarian syndrome[38-40].

Expression of  the omentin gene in interstitial and 
endothelial cells suggests multi-functionality[41,42]. Fain 
et al[43] were the first to demonstrate the predominant 
expression of  omentin mRNA in human epicardial fat, 
suggesting that omentin might influence coronary ath-
erogenesis like other periadventitial epicardial adipokines. 
Some researchers reported that omentin might modulate 
vascular function through direct action on endothelial 
cells[44,45]. The vasodilating effect of  omentin on isolated 
rat aorta, mediated by endothelium-derived nitric oxide, 
was first examined by Yamawaki et al[45]. Treatment of  
human endothelial cells with omentin prevented TNF-α-
induced cyclooxygenase-2 expression by inhibiting c-Jun 
N-terminal kinase signaling, suggesting an anti-inflamma-
tory function of  omentin on endothelial cells[44]. Recently, 
several in vivo studies that might explain the mechanism 
underlying the connection between circulating omentin-1 
and the atherosclerotic process have been published. In 
human endothelial cells, omentin significantly decreased 
C-reactive protein and TNF-α-induced NF-κB[46]. Xie et 
al[47] reported that adenovirus-mediated overexpression 
of  omentin-1 attenuated arterial calcification in OPG-/- 
mice, suggesting that increasing concentrations of  omen-
tin-1 might be beneficial by protecting arteries. In an in vi-
tro study, treatment of  calcifying vascular smooth muscle 
cells (CVSMs) with omentin inhibited osteoblastic differ-
entiation of  CVSMCs via the phosphatidylinositol 3-ki-
nase/Akt signaling pathway[48]. Very recently, Maruyama 
et al[49] reported that systemic delivery of  an adenoviral 
vector expressing omentin enhanced blood flow recovery 
and capillary density in ischemic limbs of  wild type mice. 
Taken together, these in vitro data suggest the possibility 
that lower omentin levels contribute to the development 
of  cardiovascular disease from initiating early endothelial 
dysfunction to arterial calcification.

There have been many clinical studies examining the 
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indicating that chemerin might mediate the metabolic al-
terations in obesity.

Although chemerin is a well-known secreted protein 
with an established role in immune function, recent ex-
perimental data indicate that chemerin might provide a 
link between obesity and chronic inflammation[61]. Re-
cently, Sell et al[62] reported that chemerin activated the 
NF-κB pathway and impaired glucose uptake in primary 
human skeletal muscle cells. Moreover, TNF-α treatment 
of  3T3-L1 adipocytes increased bioactive chemerin levels, 
suggesting that inflammatory cytokines contribute to the 
up-regulation of  chemerin in obesity[63]. Thus, adipocyte-
derived chemerin might be involved in the pathogenesis 
of  obesity-related inflammatory disorders, including ath-
erosclerosis. Although Becker et al[64] showed that the ex-
pression of  chemerin did not significantly alter the extent 
of  atherosclerosis in low-density lipoprotein cholesterol 
receptor knockout mice, they hypothesized that chemerin 
might affect early atherosclerotic plaque development 
and morphology rather than the extent of  the athero-
sclerotic lesion area. Hart et al[65] showed that chemerin 
rapidly stimulated the adhesion of  macrophages to the 
extracellular matrix protein, fibronectin, and to the adhe-
sion molecule, vascular cell adhesion molecule-1, sug-
gesting that chemerin might promote the progression of  
atherosclerosis. Furthermore, Kaur et al[66] demonstrated 
the novel presence of  a G-protein coupled chemerin re-
ceptor 1 in human endothelial cells and its significant up-
regulation by pro-inflammatory cytokines (TNF-α, IL-
1β, and IL-6). Thus, the altered expression of  chemerin 
and its receptors during an inflammatory process might 
cause dysregulated angiogenesis, leading to the develop-
ment of  cardiovascular disease.

However, there have been very few clinical studies 
that examined the influence of  circulating chemerin on 
the atherosclerotic process. Lehrke et al[67] showed that 
circulating chemerin was positively correlated with the 
atherosclerotic plaque burden, as assessed by multi-slice 
computed tomography angiography, but that the associa-
tion was lost after adjusting for established cardiovascular 
risk factors. Very recently, we showed that the circulating 
chemerin level was an independent risk factor for arte-
rial stiffness even after adjusting other cardiovascular risk 
factors[68].

CONCLUSION
Various adipokines have been reported to directly modu-
late the atherogenic environment of  the vessel wall by 
regulating the function of  endothelial, arterial smooth 
muscle, and macrophage cells. Therefore, the identifi-
cation of  a novel adipokine that regulates the athero-
sclerotic process might provide new opportunities for 
developing more effective approaches for preventing 
cardiovascular disease.
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